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EXPERIMENTAL SAND-CLAY BASE COURSE 
IN NORTH CAROLINA 


BY THE DIVISION OF PHYSICAL RESEARCH, PUBLIC ROADS ADMINISTRATION 


Reported by JAMES A, KELLEY, Associate Highway Engineer 


HE PURPOSE of this investigation was to study, 

by construction and observation of an experi- 
mental road, the effect of variations in plasticity index 
on the service behavior of base courses composed of 
sand-clay mixtures. Investigations made in the labo- 
ratory by means of the circular track and the experi- 
ence of various highway departments in the construc- 
tion of this type of base course indicated that the 
plasticity index for such materials should not be 
greater than 6. Therefore, sand-clay mixtures having 
plasticity indexes both above and below 6 were specifie d 
in this investigation in order to provide information 
as to pavement life over a wide range of materials and 
to corroborate or disprove the laboratory findings. 

The experimental road was constructed under con- 
tract by the North Carolina State Highway and Public 
Works Commission in cooperation with the Public 
Roads Administration. Base construction was started 
in August 1936 and was completed in May 1937. A 
bituminous surface treatment with cotton-fabric rein- 
forcement was applied in June 1937.! 


DESCRIPTION OF EXPERIMENTAL ROAD 


The section of road selected for the experiment is 
located on State Highway No. 403 in Sampson and 
Duplin Counties, North Carolina, and is designated as 
Federal-aid projects 468A and B. It begins near the 
east city limits of Clinton and extends in an easterly 
direction for a distance of 14% miles to Faison. It 
passes through an area of level to gently rolling topog- 
raphy, crossing three major stream valleys with 
their adjacent swampy bottom lands. The average 
daily traffic recorded in 1941 ranged from 660 to 1,020 
vehicles. 

The experimental road was divided into four sections 
varying from 3 to 5 miles in length. Sections having 
plasticity indexes of 2, 6, 8, and 14 were specified after 
a detailed soil survey of the roadbed and the borrow 
pits had been made. The sand and clay soils were 
combined in such a manner that the resulting mixtures 

1 The base course was originally planned in conjunction with the study of the 
effect of cotton-fabric reinforcement on the service behavior of thin bituminous 
surface treatments. The results of this cotton-fabric experiment and others are 
reported in Cotton Fabric in Bituminous Construction by Paul F. Critz; PuBLic 
Roaps, vol. 24, No. 10, Oct.-Nov.-Dec. 1946, p. 251. The cotton-fabric reinforce- 
ment had no effect, beneficial or otherwise, on the performance of the road surface; 


and this report is devoted entirely to the influence of variations in the quality of the 
sand-clay base course. 





TABLE 1.— Details of experimental sections 
Plasticity index 
we vate Base eel ew 
Section Length iiclennas 
Design Range ! 
Miles Inches 
] 3.13 27 6 4-8 
2 5. 05 27 8 6-10 
3 3.16 27 14 12-16 
4 s 3. 21 7 2 0-4 


' Range allowed for a tolerance of +2 from the design plasticity index 
2 Base thickness was increased to 10 inches, owing to poor drainage conditions, 
n 0.38 mile of section 1 ,0.23 mile of section 2, and 0.23 mile of section 3 


740116—47 





FIGURE 1. 


TypicaAL Cross SECTION OF THE EXPERIMENTAL 
2 
LOAD. 


had plasticity indexes within a range of +2 of the 
specified value. Details of the various sections are 
given in table 

A 7-inch uniform thickness of base (fig. 1) was 
specified for the entire experimental road. However, 
a soil survey disclosed the need for additional base 
thickness at four locations: where it was evident that 
adverse conditions would affect the road performance 
very appreciably. Two of these locations were in 
section 2 and one each in sections 1 and 3. The base 
thickness was increased to 10 inches at these locations. 

Sections 2, 3, and 4 had been constructed to improved 
line and grade in 1935 and a sand-clay surfacing of 
variable composition had been placed in a_ trench 
section, 18 feet wide by 6 inches deep, at that time. 
Preparation of the new base on these sections required 
the addition of sufficient material from the soil pits 
to increase the width to 22 feet and the thickness to 
7 inches. 

Section 1 followed generally the location of an old 
unsurfaced county road. Grading was necessary to 
provide satisfactory lines and grades prior to construct- 
ing the base course. Since there was no old sand-clay 
surfacing on this section, the experimental base was 
constructed entirely of material hauled in from selected 
soil pits and blended to produce the desired mixture 


DESCRIPTION OF SOILS 


A detailed soil survey disclosed that the road is 
located almost entirely on the sandy loams of the Nor- 
folk, Portsmouth, and Ruston series. Clays were en- 
countered in the low swampy areas and on the slopes 
adjacent to the stream bottoms. The distribution of 
the various soils over a portion of the experimental 
road and the results of laboratory tests performed on 
typical samples are shown in figure 2. This informa- 
tion is representative of the soil conditions on the 
entire experimental road. 

With the exception of the. soil designated as unde- 
veloped clay, all of the soils had physical characteristics 
of the A-2 friable or A-2 plastic groups. The unde- 
veloped clay had physical properties typical of the A-7 
group. 

A fine sandy loam surface soil and a sandy clay sub- 
soil are common to the profiles of the Norfolk, Ports - 
mouth, and Ruston Materials for the bese 
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FIGURE 2.—PorTION OF So1L TyPrE PROFILE, AND Test RESULTS OF TYPICAL SoILs, 
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course were obtained from borrow pits located in the | plastic sands to sandy clays having plasticity indexes 
soil of these series. These materials varied from non- | as high as 25. 





FigtrE 3.— Pook PERFORMANCE OF ORIGINAL SAND-CLAY SURFACING: (A) OUTLET or Porous STRATUM CAUSING UNSTABLE AR! 
(B) Water FLowinG FROM Sanpy STRATUM LN SIDEHILL Cut; (C) Poorty Drainep AREA IN PorTSMOUTH SoIL; (D) Unstat 
RoAapWAY IN H1GH WATER TABLE AREA. 
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PLasticiry INDEX. 


Performance of the original sand-clay surfacing-con- 
structed in 1935 on sections 2, 3, and 4 is illustrated in 
figure 3. Where drainage was adequate, the road sur- 
face was maintained in satisfactory condition. How- 
ever, the occurrence of springs in the roadbed, sidehill 
seepage, and high water table in low, poorly drained 
areas resulted in localized mudholes and longer sections 
of unstable roadway which became deeply rutted under 
traffic. 

PROPORTIONING MATERIALS 


Before calculating the amounts of sandy and clayey 
soil to be hauled onto the road, it was necessary to 
explore the borrow pits thoroughly for quantities avail- 
able and to obtain samples to determine their grada- 
tions, liquid limits, and plasticity indexes. On sections 
2, 3, and 4, the existing sand-clay surface was also 
sampled and tested and its thickness measured for 
determination of volume of material in place. 

Plasticity indexes of the existing sand-clay surface, 
together with the plasticity indexes of the completed 
base course, are shown graphically in figure 4. Grada 
tions and physical constants of typical base-course 
materials and mixtures are given in table 2. 

All proportions were based on loose measurement. 
It was estimated that the old sand-clay surfacing would 


TABLE 2.— Results of tests performed on samples typical of base 


course materials and mixtures 


Percent passing sieve indicated Liquid — 
Sample location limit uae 1 
No.4 No. 10) No. 40 |No. 200 
Borrow pit soils 
Clay pit No.8 100 96 56 37 52 29 
Clay pit No. 20 100 100 67 32 27 7 
Sand pit No. 21 100 Q7 56 25 NP NP 
Sand pit No. 23 100 97 62 7 NP NP 
Existing sand-clay base on old 
road 
Section 2, sta. 230 LOO 92 54 7 11 
Section 3, sta. 435 100 a3 58 35 44 i) 
Section 4, sta. 650 100 SO 56 23 NP NI 
Completed base course 
Section 1, sta. 125 100 a5 53 22 27 6 
Section 2, sta. 220 100 Ys 67 23 24 8 
Section 3, sta. 577 100 43 70 31 1 14 


Section 4, sta. 7S 100 93 73 ua 1s 9 





N P=nonplastic, 
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increase in volume about 50 percent when scarified an 
pulverized, and that the compacted thickness of th 
designed mixtures would amount to two-thirds of the 
loose thickness. To obtain a final compacted thicknes 
of 7 inches, therefore, it was necessary to provide 10 
ine he 's of loose material. 

The volume of borrow material required to produc: 
the specified base thickness was first determined. || 
was then necessary to select a soil that, when combine« 
with the material in the road, would produce a basi 
course mixture having a plasticity index within th 
range specified for the particular section. The plas 
ticity index of the sand-clay placed on the road in 193 
was the principal factor in determining the limits of 
the sections and the plasticity index to be obtained 
the final mixture. As shown in figure 4, most of the 
old material in section 2 had plasticity indexes between 
9 and 15 with variations as low as 0 and as high as 18 
A plasticity index of 8 was specified for this section. 
Similarly, section 3, with material having plasticity 
indexes from 10 to 22, and section 4, consisting largely 
of material having plasticity indexes between 0 and 5, 
were designed to have final plasticity indexes of 14 and 
2, respectively. 

A plasticity index of 6 was specified for section 1, 
which had no previous sand-clay surface. All of the 
material used in the base course on this section was 
hauled in from the borrow pits. 

On all four sections, a tolerance of 
selected plasticity index was allowed. 

Tests on a large number of samples from the borrow 
pits and from the old sand-clay surface of sections 2, 
3, and 4 disclosed that they all had approximately the 
same percentage of material passing the No. 40 sieve. 
This simplifie .d the problem of proportioning by elimi- 
nating the effect of differences in gradation. Under 
these conditions, the required plasticity indexes of the 
different materials are proportional to their volumes. 

The relation is expressed by the equation: 


from the 


Vr y Vers \ Vara. eae \ ] 


where: P4=plasticity index of material to be added, 

P,=plasticity index of existing material 

P,=plasticity index of final mixture, 

V4=volume (cubic yards) of material to be 
added, 

Ve=volume (cubic yards) of existing material, 

V-=volume (cubic yards) of final mixture. 


The volumes V4, Ve, and V>y were calculated from the 
designed cross section of the base and the measured 
cross section of the sand-clay layer existing in the old 
road. The plasticity index of the final mixture, /’,, 
was fixed by specification and the plasticity index of the 
material in the old road, Pz, was determined by means of 
laboratory tests on representative samples. 

Therefore, it remained to determine the required 
plasticity index, P4, of the borrow pit soil having a 
volume, V4, that, when combined with the other ma- 
terials, would produce the specified plasticity index 1! 
the final mixture. Transposing equation (1) and sub- 
stituting (Vy— V4) for Ve gave the following equation 
for estimating P 4: 


Wicca 
P. “Paty (Pe 
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! IGURE 6.—CONSTRUCTION OF SAND-CLAY BASE Course: (A) SCARIFYING OLD Roapway AND (B) RemMovinGc MATERIAL TO WIDEN 
TRENCH SEcTION; (C) DistRIBUTING AND (D) SprEADING NEw MateriAt From Borrow Pits; (Z) PLowInG ORIGINAL SuR- 
FACE AND AppED MarTertAL; (F) PuLverizina Wirn Disk Harrow; (@) Mrixina OriGINAL AND AppDED Mareriat WitH 
Motor Graver; (H) PutveriziING With DiskK Harrow DvuriInG MIx1Ina OPERATION 
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Tut CompactEeD STABILIZED BASE PRIOR 
APPLICATION OF BITUMINOUS SURFACING. 


Ficure 7. 


TO 


When material from any one of the available borrow 
pits did not furnish a soil of the desired plasticity index, 
the materials from two pits were combined to produce a 
mixture having the specified plasticity index. The pro- 
portions from each of these pits were determined from 
curves developed from the results of tests performed on 
several combinations of the two materials. Figure 5 
shows three of the curves used in proportioning mate- 
rials for this experimental road. 

In many instances, a negative value of P4 was ob- 
tained as a mathematical result in the solution of 
equation (2). A nonplastic material is one for which 
the plastic limit equals or exceeds the liquid limit. The 
latter condition results in a negative plasticity index. 
Therefore, a negative result in the solution of equation 
(2) shows the need for a nonplastic sandy soil as an 
admixture. However, there was considerable difference 
in the amount of reduction in plasticity index produced 
by different: sandy soils having the same percentage 
passing the No. 40 sieve. This is illustrated in figure 5. 
The sand from pit No. 21 was more effective in reducing 
plasticity index than was the sand from pits Nos. 20 
and 22. The plasticity index of clay from pit No. 8 was 
reduced from 22 to 0 by an admixture of 75 percent of 
sand from pit No. 21. In contrast, the plastic ‘itv index 
of clay from pit No. 22 was reduced from 23 to 6 with 
an admixture of 75 percent of sand from nh No. 22. 
It required an admixture of 75 percent of sand from pit 
No. 20 to reduce the plasticity index of clay from pit 
No. 20 from 7 to 0. The greater the negative value of 
P,, as obtained from equation (2), the more important 
it was to select the sand that would produce the greatest 
reduction in plasticity index. 

The success of the control methods used in this 
experiment is illustrated in figure 4. The sand-clay 
materials existing in the road on sections 2, 3, and 4, 
prior to preparation of the new base course, showed 
wide variations in plasticity index. Control of propor- 
tioning and mixing produced, with rare exceptions, a 
base course having plasticity indexes within the speci- 
fied tolerance of +2. 


CONSTRUCTION METHODS 


Base construction on sections 2, 3, and 4 required the 
excavation of a trench 2 feet wide on each side of the 
existing sand-clay surfacing and the combination of the 
surfacing material with additional soil from selected 
pits to produce a base 7 inches in thickness and 22 feet 
wide, as shown in figure 1. This was accomplished by 
searifying the shoulder material (fig. 6A) and removing 
it by means of a blade grader (fig. 6B), followed by 
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searifying and pulverizing the old surfacing to its ful! 
depth and spreading it over the 22-foot width. 

Additional sand and clay soils of known characteris 
tics as determined by test were hauled from nearby pit: 
and deposited (fig. 6C) on the original surfacing materia! 
in quantities calculated to give the specified cross 
section after compaction. Spreading was performed 
by motor grader (fig. 6D). 

Gang plows, harrows, and motor graders were used 
for pulverizing and mixing the different materials 
(figs. 62, F, G, and /7). These operations were con 
tinued until a uniform mixture was obtained and unti 
all materials would pass through a 14-inch sieve and 
not more than 14 percent would be retained on a No. 4 
sieve. The mixed materials were then spread to a 
uniform thickness and compacted by traffic. Moto: 
graders maintained the surface with the proper crown 
during compaction. The completed base is shown in 
figure 7. 

Construction of section 1 was performed in the same 
manner except that all of the material used in the base 
course was obtained from borrow pits. 

Approximately 54 percent of the work was completed 
by November 1936 when the job was shut down for 
the winter. Section 2 and portions of sections 1 and : 
had been compacted and shaped to final cross section. 
In order to protect the subgrade on the remainder of the 
experimental road, all of the required borrow material 
was hauled in and partially mixed so that the road 
would be passable during the winter. 

The road was maintained by blading and dragging 
during the winter. There was some loss of materia! 
due to abrasion and erosion. In some locations the 
loss by erosion was in such amounts that additiona! 
material was necessary to bring the base up to its 
required thickness. 

Final mixing and compaction on these sections was 
started in April 1937, and the base was ready for th: 
application of the cotton fabric and the bituminous 
surface in May. The total thickness of the bituminous 
surface was three-fourths of an inch. 


BASE COURSE DENSITY 


Base course densities and moisture contents were 
measured just prior to construction of the bituminous 
surface treatment. The base averaged 120.3 pounds 
per cubic foot at an average moisture content of 10.6 
percent. This is a relative compaction of 101 percent 
of the density obtained in the laboratory by the stand 
ard method (A.A.S.H.O.) of test. The optimum 
moisture content as determined in the laboratory was 
11.8 percent. Density tests made in 1945 disclosed 
that the relative compaction had increased to an averag: 

of 105 percent. 


PERFORMANCE OF EXPERIMENTAL ROAD 


Condition surveys to determine the service behavio 
of the base were made in December 1937, October 193s 
March 1940, and September 1945. The results o 
these surveys are shown graphically in figure 8. 
few failures were observed in December 1937, after 
months of service. They were small local areas 1 
sections 2 and 3 where the subgrade had become ui 
stable as a result of seepage or high water table. B 
October 1938, the failures in these wet locations ha 
developed to the point where it became necessary (0 
excavate the subgrade, base, and surfacing and repla¢ 
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EKicut YEARS AFTER 
SuRFACING Was STILL 


FIGURE 9.- 
ORIGINAL 
Section 4, (B) Tue 1940 Resurracina on Section 3 Hap 


THE 
CONDITION ON 


CoNSTRUCTION, (A) 
IN Goop 


CRACKED, AND (C) Tue 
Was IN Goop ConpIirTIOoNn. 


1944 RESURFACING ON SECTION 2 


them with new material. Numerous patches were 
required in section 3 where the surfacing failed owing 
to deformations in the base course. There were no 
failures in section 1, and only one small patch was 
needed in section 4 in an area of poor drainage. 

In March 1940, section 1 was still free of failures but 
section 4 had developed two small rough areas and re- 
quired small patches. Cracking, rutting, and breakage 
had developed on 80 percent of section 3 where the base 
course had plasticity indexes ranging from 12 to 16. 
The rebuilt areas in section 2 were starting to crack and 
the breakage was spreading to the adjacent surface. 

By the summer of 1940, after about 3 years of service, 
maintenance of the areas where failures had occurred 
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had become such a problem that a new bituminous 
surface was constructed on parts of sections 2 and 4 and 
all of section 3. The new surface consisted of a mixture 
of 5% percent of RC-—2 cut-back asphalt with local sand 
in sufficient quantity to provide a thickness of 2 inches. 

In June 1944, the new bituminous surface was ex- 
tended to include most of section 2 and a small part of 
section 1. The new surface was applied in sections 1 
and 4 because of the roughness that had developed, 
probably as a result of additional base compaction or 
fill settlement. 

Failures previously described in sections 2 and 3 
were showing up through the new surface when the 
final survey of this experimental road was made in 
September 1945. A small amount of cracking was also 
observed in sections 1 and 4. 

Figure 9A shows the good condition of the original 
surface on section 4 at a point where the plasticity 
index of the base was 1. Figure 96 shows the 1940 
resurfacing on a portion of section 3 where the plasticity 
index was 15—it will be noted that cracking had already 
recurred. Figure 9C shows the 1944 resurfacing, in 
good condition, at a point on section 2 where the plas- 
ticity index was 8. These photographs were made at 
the time of the final survey. 


SUMMARY 


The observations of the construction and perform- 
ance of this experimental road may be summarized as 
follows: 

1. Group A-2 plastic and A-2 friable soils comprised 
the subgrade on the entire length of the road. Group 
A-7 soils encountered in low areas were covered during 
grading operations with fills composed of A-2 soils. 

2. Subsurface water in the form of seepage or high 
water table was responsible for the unstable subgrade 
conditions encountered. Increasing the thickness of 
base to 10 inches did not overcome the effects of these 
moisture conditions. 

3. Failures occurring in the bituminous surface were 
the result of high plasticity index of the base course as 
well as unstable subgrade caused by poor drainage. 

4. The base course in section 3, having a plasticity 
index of 12 to 16, was definitely unsatisfactory. Sec- 
tions 1 and 4 with plasticity indexes ranging from 4 to 8 
and 0 to 4, respectively, were satisfactory. 

5. Except for failures caused by inadequate drainage, 
the base course on section 2, having a plasticity index 
range of 6 to 10, was generally in good condition. 
However, the fact that a new bituminous surface 2 
inches in thickness was placed over practically its 
entire length as a maintenance measure indicates that 
the performance of this section was not entirely satis- 
factory. In this connection, plasticity indexes greater 
than 6 have given good results in other instances under 
favorable drainage and climatic conditions. Neverthe- 
less, the use of base-course mixtures having plasticity 
indexes over 6 is not advisable and it is the practice in 
North Carolina to require that sand-clay bases hav: 
plasticity indexes less than 6. 

6. Repetition of failures in the same locations afte: 
repairs had been made demonstrates that an increase o! 
2 inches in the thickness of the surfacing and an in- 
crease of 3 inches in base thickness were not effective in 
correcting conditions resulting from inadequate drain- 
age and excessive plasticity of the base course. 

















SPEED TRANSITION RAMPS ON A 
BRIDGED ROTARY 


BY THE DIVISION OF HIGHWAY TRANSPORT RESEARCH, PUBLIC ROADS ADMINISTRATION 


Reported by ROBERT O. SWAIN, Highway Engineer 


HE EFFECT OF RAMPS to provide the speed 

transition between expressways and local streets 
was revealed in a study of a bridged rotary on the 
Shirley Highway just south of Washington, D. C. 
The Shirley Highway is a controlled-access expressway 
whose adequacy, like that of any expressway, is con- 
tingent on the mobility of vehicles at its interchanges. 
In order to obtain maximum mobility, speeds at the 
entrances and exits of the interchange must be consistent 
with speeds on the intersecting roads. 

The bridged rotary on the Shirley Highway furnishes 
the interchange between the high-speed-designed express- 
way and the lower-speed streets that feed into a highly 
developed apartment-house community complete with 
a retail commercial area, as may be seen in the cover 
illustration. A view of the two ramps studied appears 
in figure 1, and their profiles are shown in figure 2. 

The importance of the community adjacent to the 
rotary is evidenced in the distribution of traffic which is 
presented graphically in figure 3. More than 11,000 
vehicles moved to and from the community on a peak 
day in June 1946. At present the highway serves 
local traffic only, as the completed section ends a short 
distance beyond the rotary. The highway, which 
consists of two 24-foot pavements, passes under an 
elliptical rotary with radii varying from 220 feet to 
716 feet. 

The design features ' of the interchange are shown in 
figure 4, which also indicates the acceleration and de- 
celeration ramps studied. The gradient and alinement 
of the ramp connections between the Shirley and the 
rotary were designed to enable rapid and safe accelera- 
tion and deceleration between two facilities used at 
different speeds. The two ramps studied were located 
on the north side of the interchange. The northwest 
ramp serves to decelerate traffic and is 615 feet long on 
a 3.8 percent average upgrade. The northeast ramp 
serves to accelerate traffic and is 510 feet in length on 
a 5.3 percent average downgrade. 

Speed studies made during May and June 1946 dis- 
closed that southbound traffic on the Shirley Highway 
averaged 37.5 mph (miles per hour) at a location just 
north of the bridged rotary. Upon entering the decel- 
eration ramp, average speeds had been reduced to 35.1 
mph. At the top of the ramp—the exit from the 
deceleration lane—the average speed was 22.5 mph, 
which was remarkably consistent with the average 
speeds of 22.8, 20.7, and 24.3 mph at three locations on 
the rotary. 

The average speed of northbound vehicles on the 
rotary 300 feet from the entrance to the acceleration 
ramp was 24.3 mph. At the entrance to the accelera- 
tion ramp the average speed was 28.5 mph. The 
entrance speed to the Shirley Highway from the acceler- 
ation ramp was 36.6 mph, 1.1 mph higher than the 





' A discussion of the design features is given in Two-Rridge Rotary Ruilt for Con- 
trolled- Access Interchange, by D. W. Loutzenheiser; Roads and Streets, vol. 89, No. 4, 
April 1946, p. 85. 





FIGURE 1.—TuHE ACCELERATION AND DECELERATION Ramps 


STUDIED, SEEN FROM THE NORTH. 


average speed (35.5 mph) for northbound traffic on the 
Shirley Highway at a point just north of the inter- 
change. The latter highway speed was observed near 
a railroad (service line) crossing. This may account 


| for the slightly lower average speeds on the expressway. 
j PD ‘. t ) 


The average speed (28.5 mph) at the entrance to the 
acceleration ramp is higher than the average speed for 
the rotary, which may be due not only to the down- 


| grade on this side of the rotary but possibly to the long 


tangent-effect approach (fig. 4) to the ramp from the 
southeast section of the rotary and the exceptionally 
good sight distance from the ramp which affords full 
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FicgurE 4.—Dersign FEATURES AND LOCATION OF THE RAMPS STUDIED AT THE BRIDGED RoTARY, SHIRLEY HIGHWAY. 














24, No. 12 


Vol. 


PUBLIC ROADS 


-~ 
— 
_ 
oe) 





“AVMHDI AATUIHS ‘AUVLOY AUNdaly AHL LV ‘OFT ANOL AGNV AV “S€dddg AAHAUASH( "°C ANODI, 
I : M t { \ : | ea ‘ 











Si1sOd NO!lLVAYI3SHO 40 NO'LVION 
AUVLOY | 
AYMH9IH poe ge 40 301S AYMHOIH 
1sv3 
Q3Au¥3S80 Sse TORS K £9 39 7 it R 3 oe ad 
6°) €2 es! 69) I | 
S'2 9°¢ 2°81 6°02 8°) | 
2°22 Ov! O'¢2 8 Or v's 
2°1¢ b' 82 1°S2 ¢'02 G12 
9'b2 $92 2°8 .% 2 62 
‘Se b'6 6'¢ b'92 
02 Ob LZ’ rad 
Sb 86 9°1 s‘¢ 
9°9¢ $82 € v2 b 8¢ 





NOLONIHSVM 





| 


























econenal ean il it” et | 
+ 00¢ > ,00S! “ttt Hr .00S! — — = 
| NOuveaag S Y a JT/W S°O ‘AVMHOIH 4O ONF 
37393q 
| 
| 
s&s ise S22 822 202 
6b mt 
O02 62 
¢ si Ovi 
b ve o1€ gi 
6 ¢2 Ove 69 6° 1 01 
$8 621 6°81 192 Ol 
02 Fa 8lv 68S ¢9sG 
O'| b O 1S2 el Z21¢ 
Q3A¥N¥3S 80 S3 190!I1H3ZA 40 JO9OVINIDYHSBG 
AYVLOY AYVLOY 
AVMHOIH ae psn 40 ON3 40 ON3 
HLYON HLNOS 
Sl1lS Od NOILVAYWI3S80 40 NO!ILVvV9071 








O02 M0138 
be - O02 
62 -S2 
vE = OF 
Ge. - St 
bo - Ob 
6b -Sb 

Y¥3A0 8 OG 


Q33dS 


13nOVYS 


Q33dS 39VYSAV 


Q33dS 39VYSAV 


Y3A0 8 OS 
6¢b - Sb 
bo -Ob 
Sf + SE 
vE - OF 
62-S2 
v2-O02 

O02 MO138 


13x9VHB G33dS 








April—May—June 1947 


April-May 


June 1947 


view of the expressway, 
speeds is given in’ figure 5. 

Using the approximate average entrance speed (35 
mph) at the start of the dec eleration ramp, a series of 
test runs was made up the grade in a modern, medium- 
weight, six-cylinder passenger car in order to determine 
the effect of: (1) a closed throttle, and (2) no change in 
the throttle opening. 

With a starting speed of 35 mph, the passenger car 
failed by 25 feet to reach the top of the grade when the 


A summary of the observed 


throttle was closed by removing the foot from the 
accelerator. The car remained in high gear. Re- 


peating the 35 mph entrance speed, but maintaining a 
constant flow of fuel (no change in the throttle open- 
ing), the passenger-car’s exit speed at the end of the 
deceleration ramp averaged 28 mph for a large number 
of test runs. Entrance speeds of 50 and 60 mph, using 
a closed throttle on the deceleration ramp, resulted in 
exit speeds of 14 and 24 mph, respectively. 

The passenger-car test runs were also conducted on 
the acceleration ramp. A point on the rotary 300 feet 
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from the entrance to the acceleration ramp, where the 
average speed of 24.3 mph was observed, was used as 
an index and sts ting point. Starting at 24 mph, one 
series of test runs showed an average speed of 23 mph 
at the entrance to the ramp and 30 mph at the exit— 
the ramp’s connection with the expressway—when no 
change was made in the throttle opening. Another 
series of test runs in which the driver was instructed to 
assume a ‘‘gradual and safe’’ acceleration resulted in 
an exit average speed of 51 mph after a speed of 24 
mph 300 feet in advance of the acceleration ramp and 
a speed of 31 mph at the entrance to the ramp. 

The provision of an upgrade for deceleration and 
downgré r for acceleration, together with the tangent 
effect of the ramps, contribute to easy usage which 
tends to favor a depressed expressway as a suitable 
facility for urban use, where it is essential that vehicle 
speeds on the expressway be reduced materially before 
entering a city street and where speeds of vehicles 
entering the expressway must be consistent with the 
modal speed pattern of the expressway. 
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i HIGHWAY STATISTICS, 
FA 
/ The Public Roads Administration has recently issued 
a new bulletin, Highway Sratistics, 1945, in which are 
presented the series of statistical and analytical tables 
of general interest on the subjects of motor-fuel con- 
sumption, motor-vehicle registration, State highway- 


user taxes, financing of State highways, and highway 
mileage, for the calendar year 1945. The brief text 


included in the bulletin highlights information of par- 
ticular interest or significance in the tables. 

For many years the Public Roads Administration has 
prepared these annual tables and has distributed them 


1945 


PUBLIC ROADS 


A NEW BULLETIN 


individually. This practice will be continued so that 
the information on each particular subject can be made 
available at the earliest possible date. Issuance of the 
collected tables in bulletin form, however, makes the 
data more convenient and serviceable to users of high- 
way statistics. It is intended to publish the bulletin 
annually in the future. 

Hicuway Sraristics, 1945 is for sale by the Super- 
intendent of Documents, U. S. Government Printing 
Office, Washington 25, D. C., at 35 cents a copy. 
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TWENTY-FIVE YEARS OF FARM TRUCK 
OWNERSHIP 


BY THE DIVISION OF HIGHWAY TRANSPORT RESEARCH, PUBLIC ROADS ADMINISTRATION 


Reported by C. D. BOHANNAN, Highway Economist 


EARLY 1% MILLION TRUCKS, equal to 30 per- | number of farm trucks reported in statistical data 
cent of all privately owned trucks registered in the | from the 1945 census of agriculture is 1,490,300, repre- 
United States in 1945, are owned by farmers. The | senting a 42.3 percent gain over 1940. This gain takes 


TABLE 1.--Number of trucks on farms, and number and percent of farms reporting trucks—1920 to 1945 ' 


Farms reporting trucks 
Number of trucks on farms - — 

















Number of farms Percent of all farms 
Division and State ? 
1945 
1940 1930 1920 1945 1940 1930 1920 1945 1940 1930 1920 
‘ Percent of 
Number alltrucks? 
United States 1, 490, 300 30.8 1, 047, O84 900), 385 139. 169 1, 299, 350 044, 184 845, 335 131, 551 22. 2 15.5 13.4 2.0 
Geographic divisions 
New England 25. 2 v1, 207 37, 972 59, 372 42, 670 33, 328 7, 284 39.5 31.6 26.7 4.7 
Middle Atlantic 20.3 116, 714 120, 789 121, 457 101, 093 109, 756 20, 472 35.0 29.0 30.7 4.8 
East North Central 28. 2 191, 394 198, 172 220, 357 177, O85 189, 040 24, 942 23. 1 17.6 19.6 3 
West North Central 43.5 199, 234 180), 857 261, 765 186, 429 174, 764 32, 331 25. 4 17. 1 15.7 2.9 
South Atlantic 29.3 116, 297 94, 946 153, 630 104, 295 SS, O19 14,716 14.7 10. 2 8.3 1.3 
East South Central 34. 2 71,830 15, 568 97, 566 66, 985 43, 234 4, 869 10. 2 6.5 4.1 0.5 
West South Central 32.7 121, 788 96, 791 168, 660 112, 180 92, 300 8, 960 19.2 11.6 8.4 0.9 
Mountain. 43.3 75, 552 55, 742 98, GOO 67, 083 52, 488 7, 168 46.4 28. 7 21.8 2.9 
Pacific... 28. 2 103, 068 69, 548 7, 943 86, 364 62, 406 10, 809 41.8 31.3 23.8 4.6 
New England: | 
Maine F 17, 849 35.4 13, 118 10, 781 1, 120 5, 229 11, 698 9, 879 1,061 36.1 30.0 25.3 2.2 
New Hampshire 9, 191 29. 1 6, 469 4, 539 717 7, 486 5, 489 4,051 663 39.8 33. 2 27.2 3. 2 
Vermont... ; 9, 567 RS. 0) 6, 172 5, O85 16 8, 386 5, 451 4,625 576 31.7 23. 1 18. 6 2.0 
Massachusetts 18, 751 17.1 12, 465 9, § R, 535 14, 589 9, 934 7, 982 3, 136 39.4 31.1 31.2 9.8 
Rhode Island 3, 142 14.5 1, 982 1,7 53t 2,115 1, 453 1, 366 471 58.7 48. 2 41.1 ll 
Connecticut 15, 651 22.6 11, 001 ts 1, 59 567 8, 645 », 425 1,377 52.0 40.8 31.5 6. 1 
Middle Atlantic 
New York 69, 141 22. 7 55, 285 5s, 974 9, 259 57, O49 48, 522 54, OS4 S, 636 38. 2 31.7 33.8 4 
New Jersey 23, 220 15.7 17, 106 14, 753 3, 380 6, 338 13, 590 12, 504 3, O75 62.3 52.6 v3 10.4 
Pennsylvania 56, 27 20. 2 44, 323 47, 062 9, 372 18, 070 38, YS 1 $3, 168 8, 761 28. () 23. 1 25.0 i 
East North Central 
Ohio ____. 12, SOS 21.4 35, 169 34, 210 7.319 iS, O70 31,872 36, 693 6, YOO 17.5 13.6 16.7 2.7 
Indiana $8, 411 26. 1 29, 732 30, 037 3, 71 35, 260 27, 409 28, 468 3, 501 20.0 14.9 3.7 7 
Illinois WH, 629 26. 6 $2,515 10, 371 6, 154 52. 600 39, 970 38, 877 5, 907 25.8 18.7 18. 1 2 
Michigan 41, 303 27.8 33, 095 $6, 768 4, RR 37, BOA 30, 311 34, 894 4, 681 21.3 If, 2 20. 6 2. 4 
Wisconsin 61,010 12.7 1), S83 1, 786 4, 044 Mi, 523 47, 523 10, 108 3, 893 31.8 25. 4 27.6 Ae | 
West North Central 
Minnesota 17,413 $1.2 38, 617 36, 557 5 803 44.170 3.10 5 503 3, 677 3 4 18.3 19. 2 21 
lowa 37, 386 +6 ) 32, 669 &, 910 35, 482 24, 947 31, 874 8, 669 17.0 11.7 14.8 1.1 
Missouri 47, 225 30.8 31, 771 20, 132 059 14, 24] 29, 84 19, 21 1,878 18. 2 ee 6 1.9 
North Dakota 36, O74 74.4 21,518 16, 990 774 32, 494 19, 937 16, 502 743 16.7 27.0 31.2 1.0 
South Dakota 22, 23 9.8 14, 269 14,816 1,353 20, 487 13, 472 14, 485 29. 8 18.6 17.4 ar 
Nebraska 5, 7H 5.4 24, O9O 26, O45 6, 548 50, 792 22, 504 25, 176 27.6 1S. 6 19.4 ) 
Kansas 60, 9OS is. 8 $2,617 33, O48 3, G28 54, 099 39, 623 32, 009 38.3 25. 3 19.3 2 
outh Atlantic 
Delaware 3, S00 28.8 2, 567 2, 996 304 10 2, 21 2, 781 283 33.4 21. ¢ 28.6 2.8 
Maryland 19, 197 27.1 13, O58 11, 284 2, SOE 16, OSO 11, 454 10, 205 2, 556 38.9 27.2 23.6 5 
District of Columbia 5 0.3 39 SI] 20 24 32 57 29 60.0 19.2 54.8 14. 2 
Virginia 31, G56 16.0 23, 272 19, 459 2, 544 27, 966 20, 818 17, 964 2, 389 16. 2 11.9 10.5 ] 
West Virginia ; If, 285 26.7 12, 445 7,432 936 14, 843 11, 485 6, 936 RSH) 15.2 11.6 8.4 1.0 
North Carolina $2, 924 32.8 20, 621 18, 558 2, 671 30, 489 19, 279 17,613 2, 551 10.6 6.9 6.3 0.9 
South Carolina : 15, 348 27.7 8, 242 6, 966 1, 736 13, 296 7, 392 6, 575 1, 609 9.0 5.4 2 0.8 
CGieorgia 34, OSS 4.2 1, 693 15, 967 3, 1465 1, 250 19, 952 15, 036 2, 913 13.8 y, 2 5.9 0.9 
Florida ; 21, 639 22.7 1, 360 12, 203 1,617 16, 572 11, 668 10, 852 1, 500 7 ae 18.7 18.4 8 
East South Central 
Kentucky 27, 194 S35 10, 100 7, 188 1, 538 25, 17 17, 830 6, 740 1, 455 10. 6 a i) 
Tennessee 26, 326 32.8 IS, GOS 9, 039 1, 430 24, 659 17, 727 8, 563 1, 362 10.5 ye 3.5 0.5 
Alabama 23, 949 31.3 15, 257 12, 838 1, 180 21, 939 14, 094 12, 169 1,114 9.8 6.1 EF 0.4 
Mississippi 28, 267 0.5 IS, 565 16, 503 1, 005 25, 793 17, 334 15, 762 938 GS 6.0 5.0 0 
West South Central 
Arkansas 83, 134 42.2 19, 674 11, 000 1, 027 50, 304 18, 441 10, 526 973 15.2 8.5 1.3 0.4 
Louisiana 20, 974 20.8 17, OOF 9, 281 S74 8, 637 15, 663 S, THY 793 14.4 10.4 5.4 (). + 
Oklahoma 14, 381 4.4 28, 402 23, 930 Sy Fao 10, 910 26, HOt 23, 039 2, 070 24.8 14.8 11.3 l 
lexas SY, 286 29. 0 M6, TO7 52, 580 5, 304 7s, SOY 51,416 14, 966 9, 124 20.5 12.3 10. 1 1.2 
Mountain 
Montana 29, 388 61.6 21, 037 14.015 1, 22 23, 661 18, 332 13, 783 1, 167 2.7 43.8 29.0 2.0 
Idaho 9, O96 19.6 12, 2 6, 281 S37 16, 576 10, 941 5, YS 779 40.0 25. | 14.4 1.9 
Wyoming 8,917 14.1 6, 341 +, 10S AW 7.424 5, 553 3, S20 554 56.8 37.0 23.9 3 
Colorado 28, 794 40. 1 16, 850 16,918 3. Olt 24, O57 15,119 16, 052 2, 884 50.5 29. 4 26.8 1.8 
New Mexico 11, 902 10.0 7,117 5, 328 593 0, 256 6, 368 5, 024 552 34.5 18.7 16.0 1.8 
Arizona i 6, 859 23.3 4, 284 3, O62 5S] 5, OOS 3, SH 2,719 527 38. 1 19.3 19. 2 
Utah 10, 969 10.9 6, 238 4, 189 72 9, 720 5, 801 3, YS6 544 36.9 22.8 14.7 2. | 
Nevada 2, 603 27.4 1, 6S3 1, 241 174 SUS 1, 408 1,118 161 55. 4 39. 4 32.5 9 
lacific 
Washington 10, O34 39. 1 28, 228 18, S3t 4. 371 32, 730 24, SS¢ 17,622 3, 172 41.0 30.5 24.9 4.5 
Oregon 28, 11S 34. 1 16, S25 9, 741 1,819 23, 2 14, 904 9, 110 428 36.8 24. 1 16.5 3.4 
California 85, 606 23. 8 58, O15 10, 971 6, 416 61, 960 46,574 35, O74 5, 909 44.6 35. 1 26.3 5. 0 


Data from censuses of agriculture for 1920, 1930, 1940, and 1945. 
All trucks” are truck registrations by States as reported to Public Roads Administratien, excluding publicly owned vehicles (table MV-1, 1945). 
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Figure 1.—NvuMBER OF TRUCKS ON FARMS, By GEOGRAPHIC DivistonN—1920 To 1945. 


on added significance when it is recalled that as a war | trucks owned, from 15.5 percent in 1940 to 22.2 percent 
measure civilian truck manufacture and sales were | in 1945. 


frozen after March 1942. Twenty-five years ago (1920) only 2 percent of the 
Another indication of the growth of farm truck owner- | Nation’s farms reported trucks. In that year the total 


ship is the increase in the percentage of farms reporting | number of farm trucks was 139,169 or 13.8 percent of the 
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Figure 2.—PERCENT OF FARMS REporTING TruUcKS OWNED, BY GEOGRAPHIC Diviston—1920 To 1945. 
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estimated total truck registration in the United States. 

Table 1 reports detailed data, by State and geographic 
division, on the number of trucks on farms and on the 
number of farms reporting trucks owned, from the 
censuses of agriculture for 1920, 1930, 1940, and 1945. 
Figures 1 and 2 show graphically the 25-year change in 
the number of trucks on farms and the percentage of all 
farms reporting trucks, for each geographic division. 

Significant variations from one geographic division to 
another and one State to another are readily apparent. 
The State data also permit some interesting comparisons 
with the national averages. For example, the 1945 
data show that in 15 States the number of farm trucks 
equals 40 percent or more of all trucks registered, as 
compared to the national average of 30 percent, ranging 
as high as 88 pe reent in Vermont, 74 percent in North 
Dakota, and 62 percent in Montana. 

Texas, containing more farms than any other State 
just as it exceeds all others in total area, also leads in the 
number of farms reporting trucks, 78, 809, and in the 
number of trucks on farms, 89,286. California, al- 
though only 60 percent the size of Toe and with less 
than half as many farms, reported the next highest 
number of trucks on farms, 85,696. In Texas, further- 
more, only 20 percent of all farms reported having 
trucks, while in California 45 percent had trucks. 

Twenty-one States showed an increase of over 50 
percent in the number of farm-owned trucks from 1940 
to 1945. The largest percentage gain was 86 percent 
in South Carolina, representing, however, an increase 


from only 8,242 trucks in 1940 to 15,348 in 1945. The 
20-percent increase in Wisconsin represented a gain 
from 50,883 trucks in 1940 to 61,010 in 1945. 

In only seven States did half or more of the farms 


report having trucks. One of these was New Jersey, 
which in 1940 was the only State in which over 50 per- 
cent of the farms had trucks. 

On the whole, this record of 25 years of farm truck 
ownership portrays the growing importance of trucks 
in farm operations. Adequate Nation-wide data are 
not available to show in detail the nature of the uses 
to which these farm trucks are put, the size and kind 
of trucks, or the average annual miles of travel. How- 
ever, sample studies and certain related data do throw 
some light on these and kindred subjects. 

In most sections of the country the farmers’ prefer- 
ence is for a 1'-ton truck—that is, a truck large 
enough to haul a real load and yet not so large as to 
represent unneeded capacity and expense. 

A WPA technology report! on farm machinery and 
equipment indicated that 80 percent of farm-owned 
ip es were in the 1- to 2-ton capacity group. Further, 

1 detailed analysis of State-by-State estimated needs 
for additional farm trucks during the war period showed 


a very heavy preponderance of preference for the 
1-ton size. 

! Changes in Farm Power and Equip 4 at: Tractors, Ty s, and Automohiles, 
by E. G. MeKibben and R. A. Griffir orks Progress A¢ imi nis trati on, National 
Research Project Report No. A-9, De oo 1938, p. 44 
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A considerable part of the use of farm trucks is 0: 
the farm, as distinct from on the highway. Natio: 
wide data on this interesting subject are lacking, an 
apparently very few sample studies have been mad 

One study made by the Agricultural Experimen 
Station at Purdue University? in a group of centra 
Indiana counties showed that in 1937, farmers wh: 
owned trucks used them on the average of 197 day 
during the year. On-the-farm use accounted for 5 
percent of the time the trucks were used and for 2s 
percent of the average 4,061 miles traveled. 

Although much of the use of farm trucks is in haulin: 
products to shipping points and markets and_ th 
return haul of farm and household supplies, many 
farmers in some of the heaviest producing agricultura! 
counties do not own trucks. 

Studies of the marketing of farm products have shown 
that for some products the haul from farm to market 
is principally by for-hire carriers or by buyers who 
pick up at the farm. In a study of the marketing o! 
sate, k in the Corn Belt States * it was found that o! 
all hogs marketed by farmers in 1940 only 21 percent 
were hauled in farm-owned trucks, 66 percent were 
hauled by for-hire truckers, and 13 percent by buyers. 
A Wisconsin study covering the year 1937 showed that 
only about 30 percent of the farmers hauled their own 
milk. 

In some areas a large share of the feeds, fertilizers, 
and petroleum products consumed on farms is delivered 
to the farms either by the dealers or by for-hire truckers. 

This movement of commodities to and from the 
farms in other than farm-owned trucks emphasizes 
the fact that the condition of farm roads is of vital 
concern not only to the farmers who live along them 
but also to those business firms and individuals who 
buy from and sell to farmers, and to the for-hire truck- 
ers who furnish the necessary transportation services. 

The exact extent of future farm truck ownership is, 
of course, impossible to predict. It is conceivable 
that changes in kinds of farm production and _ in- 
creased availability of for-hire truck service, especially 
in some areas, May operate to lessen the desirability 
of farm truck ownership. 

On the other hand, some changes in farm production 
enterprises and increased rural industrialization may 
call forth an increased demand for trucks on farms. 

It seems safe to assume that, given a fair degree of 
farm prosperity and continued improvement in farm 
and other local rural roads, there will be a continued 
steady demand for trucks by farmers. This demand is 
likely to be intensified if the manufacturers are able to 


develop trucks especially adapted to use on the farm 
as well as on the road. 
2 The Use of Farm Trucks in Marketing Farm Products in Central Indiana, 
T. K. Cowden; Purdue University Agricultural Experiment Station Bulletin N 
443, August 1939, pp. 11 and 12 
Market ng Livestock in the Corn Belt; South Dakota State College Agricultural 
Experiment Station Bulletin No. 365, November 1942, p. 166 
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